Introduction
============

Coronary heart disease (CHD) remains a leading cause of mortality and morbidity worldwide.[@b1-dddt-9-1859] One of the major risk factors for CHD is atherogenic dyslipidemia, especially primary hypercholesterolemia.[@b2-dddt-9-1859] Currently, statins are the most effective drugs for lowering low-density lipoprotein (LDL) cholesterol and control of hypercholesterolemia.[@b3-dddt-9-1859],[@b4-dddt-9-1859] However, there is a high frequency of statin treatment withdrawal in CHD patients on complicated regimens, most likely resulting from adverse drug-drug interactions.[@b5-dddt-9-1859] Therefore, efforts are ongoing to develop new statins with high potency, low drug-drug interaction, and long-term safety. Pitavastatin (Livalo^®^) is a newly developed statin that is gaining popularity in the treatment of primary hypercholesterolemia.[@b6-dddt-9-1859],[@b7-dddt-9-1859] An attractive feature of pitavastatin is its selective uptake by hepatocytes and minimal metabolism by cytochrome P450 enzymes, thereby reducing the potential interaction with other drugs metabolized by these enzymes.[@b8-dddt-9-1859] Randomized controlled clinical trials demonstrated that pitavastatin was noninferior to currently used statins such as simvastatin and atorvastatin in terms of lowering LDL cholesterol levels.[@b9-dddt-9-1859]--[@b15-dddt-9-1859] To provide an accurate insight in the clinical efficacy of pitavastatin, we performed a meta-analysis of four controlled clinical trials to compare the efficacy of pitavastatin and simvastatin in patients with hypercholesterolemia.[@b9-dddt-9-1859]--[@b13-dddt-9-1859]

Materials and methods
=====================

Database and search strategy
----------------------------

We searched the PubMed and EMBASE databases from 2000 to April 2014 for relevant studies. Search terms used for PubMed were: ("pitavastatin"\[Supplementary Concept\] OR "pitavastatin"\[All Fields\]) AND "simvastatin"\[MeSH Terms\] OR "simvastatin"\[All Fields\]) AND ("clinical trials as topic"\[MeSH Terms\] OR ("clinical"\[All Fields\] AND "trials"\[All Fields\] AND "topic"\[All Fields\]) OR "clinical trials as topic"\[All Fields\] OR "trial"\[All Fields\]). Search terms used for EMBASE were: "pitavastatin"/exp/mj and \[randomized controlled trial\]/lim.

Study selection criteria and quality assessment
-----------------------------------------------

Eligible studies were selected based on the following criteria: randomized controlled study design; patient age 18--75 years; LDL cholesterol levels ≥130 mg/dL and triglyceride levels ≤600 mg/dL; and intervention consisting of pitavastatin versus simvastatin. The two authors independently conducted the study selection based on these criteria. Any discrepancy was resolved by discussion and the consent of both authors. The quality of the included trials was assessed using the Jadad scale score (0 to 5), including method of randomization, use of controls, and a description of withdrawals and dropouts, with a score of ≥3 indicating high quality.[@b16-dddt-9-1859]

Primary and secondary outcomes
------------------------------

The primary outcome for assessment of statin efficacy was the percent change in LDL cholesterol concentrations compared with baseline. Secondary outcomes included the percent change in total cholesterol, triglyceride, and high-density lipoprotein (HDL) cholesterol concentrations compared with baseline.

Data extraction and statistical analysis
----------------------------------------

The following information was extracted from the selected studies: author, publication year, study design, number of patients analyzed, treatment regimen, and primary and secondary outcomes. All statistical analyses were performed using Review Manager version 5.1.0 (Cochrane Collaboration, Oxford, UK). Continuous outcomes are presented as the mean difference with a 95% confidence interval. Heterogeneity across trials was also evaluated. A *P*-value \<0.05 was considered to be statistically significant. Random-effects models were used for meta-analysis if heterogeneity was statistically significant; otherwise, fixed-effects models were applied. Outcomes that could not be pooled for meta-analysis are summarized in [Table 1](#t1-dddt-9-1859){ref-type="table"}.

Results
=======

Study identification and characteristics
----------------------------------------

A total of 81 unique records were identified by our search strategy. After initial screening by title and abstract, four relevant studies were selected for full text retrieval ([Figure 1](#f1-dddt-9-1859){ref-type="fig"}).[@b9-dddt-9-1859]--[@b12-dddt-9-1859] Among these studies, 908 patients treated with pitavastatin 2 or 4 mg/day and 381 patients treated with simvastatin 20 or 40 mg/day were included in the final statistical analysis. Two papers presented data from the same study, which consisted of a 12-week initial treatment period (the core study)[@b9-dddt-9-1859] followed by a 44-week extension.[@b10-dddt-9-1859] Jadad scores were high (\>3) for these studies except for one (Jadad score 2) which was open-label.[@b13-dddt-9-1859] Study characteristics and quality assessment are summarized in [Table 1](#t1-dddt-9-1859){ref-type="table"}.

Publication bias assessment
---------------------------

A Begg's funnel plot was used for assessment of publication bias in the studies selected for meta-analysis. No publication bias was detected ([Figure 2](#f2-dddt-9-1859){ref-type="fig"}).

Percent change in LDL cholesterol concentrations compared with baseline
-----------------------------------------------------------------------

Data with standard deviations were pooled and subjected to meta-analysis. Eriksson et al and Ose et al presented qualified data on percent change in LDL cholesterol concentrations compared with baseline after 12 weeks of treatment with pitavastatin 4 mg or simvastatin 40 mg.[@b9-dddt-9-1859]--[@b11-dddt-9-1859] A total of 552 patients treated with pitavastatin and 228 treated with simvastatin were included in the final analysis. No statistically significant difference was identified between pitavastatin and simvastatin (mean difference −0.66; 95% confidence interval −2.92, 1.61; *P*=0.57). Ericksson et al and Park et al presented meta-analyses that qualified data on percent change in LDL cholesterol concentrations compared with baseline after 4 weeks of treatment with pitavastatin 2 mg and simvastatin 20 mg.[@b9-dddt-9-1859],[@b12-dddt-9-1859] A total of 282 patients treated with pitavastatin and 164 treated with simvastatin were included in the final analysis. Simvastatin 20 mg showed a trend towards higher efficacy in lowering LDL cholesterol concentrations as compared with pitavastatin 2 mg, although the difference did not reach statistical significance (mean difference 2.19; 95% confidence interval −0.11, 4.49; *P*=0.06). No heterogeneity was identified within these studies and a fixed-effects model was applied for the meta-analysis ([Figure 3](#f3-dddt-9-1859){ref-type="fig"}).

Ose et al also presented data on percent change in LDL cholesterol concentrations after 12 weeks of treatment with pitavastatin 2 mg (n=307) and simvastatin 20 mg (n=107).[@b11-dddt-9-1859] Treatment with pitavastatin was more effective in lowering LDL cholesterol concentrations versus treatment with simvastatin (mean difference 4.1; 95% confidence interval 0.8, 7.3; *P*=0.014). However, Park et al found no statistically significant difference in percent change in LDL cholesterol concentrations after 8 weeks of treatment with pitavastatin 2 mg (n=49) or simvastatin 20 mg, (n=46; *P*=0.684).[@b12-dddt-9-1859]

The long-term effects of statins (44 weeks) on percent change in LDL cholesterol concentrations compared with baseline were only presented in the study by Ericksson et al.[@b10-dddt-9-1859] Similar effects were observed for pitavastatin 4 mg (n=120) and simvastatin 40 mg (n=57; −41.81±15.1 versus −41.37±16.4, respectively).

Secondary outcomes
------------------

Secondary outcomes in the four studies included percent change in total cholesterol, triglyceride, and HDL cholesterol concentrations compared with baseline. Pitavastatin was more effective in lowering total cholesterol (2 mg, 12 weeks) and triglycerides (4 mg, 12 weeks) as compared with simvastatin (20 and 40 mg, 12 weeks; total cholesterol, *P*=0.041; triglycerides, *P*=0.044).[@b8-dddt-9-1859],[@b10-dddt-9-1859] No statistically significant differences were observed in other secondary outcomes between pitavastatin and simvastatin. Secondary outcome data are summarized in [Table 2](#t2-dddt-9-1859){ref-type="table"}.

Discussion
==========

Our meta-analysis and systemic review confirms the conclusion from previous multiple individual clinical studies that long-term treatment with pitavastatin (\>12 weeks) at a dose of 4 mg/day is noninferior to simvastatin in lowering LDL cholesterol concentrations. Whereas short-term treatment with pitavastatin (4 weeks) at a low dose (2 mg/day) showed a trend towards lower efficacy as compared with simvastatin (*P*=0.06), long-term treatment with pitavastatin (12 weeks) was more effective (*P*=0.014).[@b11-dddt-9-1859]

Long-term safety is an important concern when using a statin. A 44-week extension study showed that treatment-emergent adverse events (TEAEs) were similar between pitavastatin 4 mg/day and simvastatin 40 mg/day (13% versus 10%, respectively).[@b9-dddt-9-1859] Most of these TEAEs were mild or moderate in severity. Moreover, the adverse events profiles of pitavastatin and simvastatin were similar, and dose-related TEAEs were not observed.[@b11-dddt-9-1859] These results demonstrate that pitavastatin is well tolerated in long-term treatment, even at high doses.

Our meta-analysis has two limitations. First, no drug-drug interaction data were available in the selected studies. In clinical practice, simvastatin is the most widely used statin for lowering LDL cholesterol.[@b17-dddt-9-1859] However, like most statins, simvastatin is metabolized by hepatic cytochrome P450 enzymes, so has an increased potential for serious side effects through drug interactions.[@b18-dddt-9-1859] Pitavastatin is a promising alternative to simvastatin for lowering LDL cholesterol, given its unique feature of being virtually unmetabolized by the cytochrome P450 family. However, no clinical studies are currently available to investigate the drug interactions of pitavastatin as compared with other statins. Second, the total number of patients in these studies is small, so care should be taken when using our results to guide treatment of patients with hypercholesterolemia. In conclusion, pitavastatin is noninferior to simvastatin in lowering LDL cholesterol.
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![Funnel plot of the studies selected. The plot is for qualitative estimation of publication bias of the studies. No bias was found.](dddt-9-1859Fig2){#f2-dddt-9-1859}

![Forest plot of mean difference comparing percentage change in low-density lipoprotein cholesterol concentrations between pitavastatin and simvastatin treatment.\
**Abbreviations:** CI, confidence interval; IV, inverse variance; SD, standard deviation.](dddt-9-1859Fig3){#f3-dddt-9-1859}

###### 

Study characteristics and quality assessment

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study (year)                        Study design           Patients analyzed (n)           Treatment regimen                                                                                                                                                          Outcomes                                                                                                                                                                                                                                                                                                                                                         Jadad score
  ----------------------------------- ---------------------- ------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------
  Ericksson et al[@b9-dddt-9-1859]    RCT, DB, parallel      233 (pitavastatin)\             Pitavastatin 2 mg or simvastatin 20 mg once daily for 4 weeks; pitavastatin 4 mg or simvastatin 40 mg once daily from 4--12 weeks                                          Primary outcome: percentage change in LDL-C concentrations at 12 weeks compared with baseline\                                                                                                                                                                                                                                                                   5
                                                             118 (simvastatin)                                                                                                                                                                                          Secondary outcomes: proportion of patients reaching NCEP and EAS LDL-C targets, percentage changes from baseline in concentrations of triglycerides, total cholesterol, HDL-C, non-HDL-C, ApoB and ApoA1, and absolute changes from baseline in concentrations of oxidized LDL and hs-CRP and ratios of total cholesterol:HDL-C, non-HDL:HDL-C, and ApoB:ApoA1   

  Ericksson et al[@b10-dddt-9-1859]   RCT, DB, parallel      120 (pitavastatin)\             Pitavastatin 4 mg or simvastatin 40--80 mg for 44 weeks                                                                                                                    Primary outcome: proportion of patients attaining the LDL-C targets and proportion attaining the NCEP target non-HDL-C concentration\                                                                                                                                                                                                                            5
                                                             57 (simvastatin)                                                                                                                                                                                           Secondary outcomes: percentage changes from baseline in concentrations of LDL-C, total cholesterol, HDL-C, non-HDL-C, triglycerides, ApoB and ApoA1, and absolute changes from baseline in oxidized LDL levels, non-HDL- C:HDL-C ratio, total cholesterol:HDL-C ratio, ApoB:ApoA1 ratio and hs-CRP levels                                                        

  Ose et al[@b11-dddt-9-1859]         RCT, DB, parallel      307 (pitavastatin, 2 mg/day)\   Pitavastatin 2 mg/day, pitavastatin 4 mg/day (2 mg titrated to 4 mg after 4 weeks), simvastatin 20 mg/day, simvastatin 40 mg/day (20 mg titrated to 40 mg after 4 weeks)   Primary outcome: percentage change in LDL-C concentrations at 12 weeks compared with baseline\                                                                                                                                                                                                                                                                   5
                                                             107 (simvastatin, 20 mg/day)\                                                                                                                                                                              Secondary outcomes: percent change from baseline in TC, HDL-C, non-HDL-C, TG, ApoB, and ApoA1 and change from baseline in TC:HDL-C ratio, non-HDL-C:HDL-C ratio, ApoB:ApoA1 ratio, and hs-CRP after 12 weeks of treatment                                                                                                                                        
                                                             319 (pitavastatin, 4 mg/day)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
                                                             110 (simvastatin, 40 mg/day)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Park et al[@b12-dddt-9-1859]        RCT, OL, prospective   49 (pitavastatin)\              Pitavastatin 2 mg or simvastatin 20 mg once daily for 8 weeks                                                                                                              Primary outcome: percentage change in LDL-C concentrations at 8 weeks compared with baseline\                                                                                                                                                                                                                                                                    2
                                                             46 (simvastatin)                                                                                                                                                                                           Secondary outcomes: mean percent change in total cholesterol, TG, and HDL cholesterol from baseline after 8 weeks of treatment                                                                                                                                                                                                                                   
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; RCT, randomized controlled trial; DB, double-blind; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; OL, open label; TC, total cholesterol; TG, triglycerides; NCEP, National Cholesterol Education Program; EAS, European Atherosclerosis Society.

###### 

Mean percentage of changes in secondary outcomes from baseline

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Outcomes    Pitavastatin (2 mg/day, 8 weeks)\   Simvastatin (20 mg/day, 8 weeks)\   Pitavastatin (2 mg/day, 12 weeks)\   Simvastatin (20 mg/day, 12 weeks)\   Pitavastatin (4 mg/day)\                             Simvastatin (40 mg/day)\                             Pitavastatin (4 mg/day, 12 weeks)\   Simvastatin (40 mg/day, 12 weeks)\
              Park et al[@b12-dddt-9-1859]        Park et al[@b12-dddt-9-1859]        Ose et al[@b11-dddt-9-1859]          Ose et al[@b11-dddt-9-1859]          Eriksson et al[@b9-dddt-9-1859],[@b10-dddt-9-1859]   Eriksson et al[@b9-dddt-9-1859],[@b10-dddt-9-1859]   Ose et al[@b11-dddt-9-1859]          Ose et al[@b11-dddt-9-1859]
  ----------- ----------------------------------- ----------------------------------- ------------------------------------ ------------------------------------ ---------------------------------------------------- ---------------------------------------------------- ------------------------------------ ------------------------------------
  TC          −26.9                               −28.5                               −27.9                                −25.4                                −31.4 (12 weeks)                                     −31.2 (12 weeks)                                     −31.5                                −30.5

  *P*-value   0.405                                                                   0.041                                                                     −27.4 (44 weeks)\                                    −27.6 (44 weeks)                                     0.479                                
                                                                                                                                                                0.793 (12 weeks)                                                                                                                               

  TG          −29.8                               −17.4                               −15.9                                −15.6                                −19.8 (12 weeks)                                     −14.8 (12 weeks)                                     −16.8                                −16.1

  *P*-value   0.147                                                                   0.822                                                                     −11.5 (44 weeks)\                                    −12.3 (44 weeks)                                     0.866                                
                                                                                                                                                                0.044 (12 weeks)                                                                                                                               

  HDL-C       8.3                                 3.6                                 6.0                                  5.5                                  6.8 (12 weeks)                                       4.5 (12 weeks)                                       6.2                                  6.8

  *P*-value   0.127                                                                   0.782                                                                     14.1 (44 weeks)\                                     14.6 (44 weeks)                                      0.791                                
                                                                                                                                                                0.083 (12 weeks)                                                                                                                               
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol.
